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Revealing the three-dimensional organization of large dynamic protein complexes in solution is challenging.
To tackle this problem, Ro´ _zycki and collegues (2011) design amethod combining small angle X-ray scattering
(SAXS) data with the results of computer simulations. Their study offers new insights into the conformational
transition induced by salt that occurs in an endosome-associated ESCRT-III CHMP3 domain.Elucidating the structure of multidomain
protein assemblies containing disordered
and flexible linker segments pose serious
experimental difficulties. X-ray crystallog-
raphy works best for well-folded and
single-conformation that are willing to
organize into an ordered array, while solu-
tion nuclear magnetic resonance (NMR) is
limited to complexes of moderate molec-
ular weights. In principle, small angle
X-ray scattering (SAXS) is an approach
that is able to circumvent some of those
difficulties. Despite its inherent limita-
tions, there is sufficient information
encoded within the orientationally aver-
aged one-dimensional scattering intensity
profile from SAXS to extract low-resolu-
tion structural features about the shapes
and sizes of protein assemblies in solu-
tion. However, it is becoming increasingly
clear that the conformational flexibility
and multiplicity displayed by large multi-
domain proteins can pose particular
challenges for the analysis and interpreta-
tion of SAXS data. Traditional analysis
methods, which are based on the concept
of a single molecular envelope, cannot
provide a meaningful picture of the
three-dimensional organization of such
dynamic proteins.
Ro´ _zycki et al. (2011) address this chal-
lenge by considering an ensemble-based
approach to interpreting SAXS data about
a conformational transition occurring in a
model system, the CHMP3 protein, which
is a key component of the ESCRT-III
complex. They combine experimental
SAXS data with the results of computer
simulations based on a physics-based
coarse-grained (CG) protein model,
showing that the three-dimensional orga-
nization of CHMP3 is radically altered asa function of salt concentration. At low
salt concentration, CHMP3 adopts a
relatively compact structure, whereas at
high salt concentration, it adopts a much
extended structure. The compact confor-
mation is consistent with a high-resolution
crystal structure (Bajorek et al., 2009).
Furthermore, in contrast to the single
molecular envelope that was previously
derived from SAXS data (Lata et al.,
2008), their analysis provides an ensem-
ble of structures for each conformation,
including unfolded configurations. They
find that in a significant fraction of simu-
lated structures, the helix a5 is bound to
the CHMP3 core at low salt, but starts to
detach at increased salt concentration
(Figure 1).
From a methodological standpoint, the
study of Ro´ _zycki et al. (2011) contributes
to a series of recent developments
aimed at integrating low-resolution SAXS
data with modeling to achieve a better
characterization of dynamic multidomain
proteins in solution. Those include the
ensemble optimization method (Bernado´
et al., 2007), the minimal ensemble search
(Pelikan et al., 2009), the SAXS module in
the integrative modeling platform (Forster
et al., 2008), and the basis-set supported
SAXS (BSS-SAXS) reconstruction (Yang
et al., 2010). The method of Ro´ _zycki
et al. (2011), called Ensemble-Refinement
of SAXS (EROS), proceeds according to a
similar general strategy. In the first stage,
computer simulations based on simplified
but semirealistic physical models serve to
explore the accessible protein configura-
tional space (Ro´ _zycki et al., 2011; Jamros
et al., 2010; Yang et al., 2010). To refine
the simulated ensemble, the configura-
tions are then ranked and reweightedStructure 19, January 12, 20based on a comparison of the calculated
and experimental SAXS profiles (Ro´ _zycki
et al., 2011; Yang et al., 2010). In the
second stage, the refinement procedure
is facilitated by the increased availability
of algorithms to efficiently compute SAXS
patterns (Schneidman-Duhovny et al.,
2010; Yang et al., 2009).
The ensemble of configurations gener-
ated by the simulations does not need to
be perfect to be useful. It serves to estab-
lish an initial ‘‘basis-set’’ of meaningful
candidate configurations. However, part
of the success of the study by Ro´ _zycki
et al. (2011) is the use of a particularly
well-crafted simplified CG model to
generate the initial configurations. This
model effectively accounts for hydro-
phobic and electrostatic interactions,
serving as the driving forces for CHMP3
shape changes induced by increased
salt concentration. In the CG simulations,
the salt effect in the buffer was taken into
account by an effective Debye potential,
which is proportionally represented by
expðr=lDÞ=r,
where lD is a physical parameter reflect-
ing different shielded electrostatic inter-
actions, and r are the interparticle
distances.
In their methodological development,
Ro´ _zycki et al. (2011) focus on one particu-
larly critical question: how can one
balance the amount of information from
the modeling versus the experimental
data in themost unbiased way? Of central
concern in this type of analysis is the
danger of overfitting the data, thereby
generating spurious information. For
this purpose, Ro´ _zycki et al. (2011)11 ª2011 Elsevier Ltd All rights reserved 3
Figure 1. Schematic Representation of a Salt-Induced Conformational Transition Revealed
by using SAXS Data
(A) At low salt concentration, CHMP3 adapts a compact and closed conformation where helix 5 (in red) is
bound to the core (helices 1–4, in blue).
(B) At high salt concentration, crowed salt molecules shield electrostatic interactions between helix 5 and
the core, which permits the detachment of helix 5 from the core, and thus CHMP3 adapts an extended and
open conformation.
(C) The distinction between CHMP3 compact and extended conformations is nicely caught by scattering
difference in two schematic SAXS profiles (compact marked by solid lines, and extended by dashed lines).
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refine the statistical weights attributed to
the configurations generated by the simu-
lations. The first term contributing to the
free energy, which has the familiar form
seen in standard least-square fitting, is
proportional to the quadratic deviations
between the calculated and measured
scattering patterns. The second term,
which is more novel, is designed in the
form of an effective entropy to prevent
the build up of spurious information into
the optimized statistical weights. This
method works beautifully in the present
case, in part because the proposed CG
model is, on its own, already producing
results that are in reasonable accord
with the experiments and the statistical4 Structure 19, January 12, 2011 ª2011 Elseweights are only moderately affected by
the optimization.
The work by Ro´ _zycki et al. (2011)
reflects the growing interests in using
low-resolution SAXS data for structural
characterization of proteins in solution
(Bernado´ and Blackledge, 2010). The
present study about the salt-driven un-
folding of CHMP3 offers new structural
insights about the effect of ionic strength
on conformational transitions. Structural
interpretation of SAXS data has become
an area growing in activity in structural
biology. The present contribution adds
to the toolkit of novel methods to treat
the problem of conformational multi-
plicity, and goes beyond simple interpre-
tations of a single molecular envelope.vier Ltd All rights reservedOne important factor for the success of
these efforts has been the constant
progress in biomolecular modeling and
computational simulations.REFERENCES
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In this issue of Structure, Yuan et al. (2011) utilize biochemical approaches to reconstitute an active
Drosophila apoptosome, as well as cryo-electron microscopy to generate an improved model for this
conserved caspase-activating complex.Apoptosis is a programmed form of cell
death, highly conserved in multicellular
animals from worms to humans. Whileseveral cell death pathways have been
identified in higher organisms, the most
archaic is the so-called intrinsic pathway,wherein intracellular death signals trigger
the activation of cysteinyl aspartate-
specific proteases (caspases). In worms,
